Accurate spectroscopic constants and energetics were calculated for the two lowest-lying states of SiN and SiN − employing the coupled cluster methodology and very large basis sets ͑up to doubly augmented sextuple-quality͒ accounting also for core/valence correlation, one-electron Douglas-Kroll-Hess relativistic effects, and atomic spin-orbit couplings. Our best estimate for the adiabatic electron affinity of SiN is 3.002 eV, in very good agreement with the recent, experimentally determined value of 2.949͑8͒ eV. However, the calculated bond length of the SiN − X 1 ⌺ + state at the same level, r e = 1.5904 Å, is smaller than the indirectly extracted experimental value of 1.604͑5͒ Å, pointing out that the latter value is either a bit overestimated or not as accurate as the ±0.005 Å error bar indicates. For the neutral SiN, all calculated data are in excellent agreement with previous accurate experimental results.
I. INTRODUCTION
Recently, Meloni et al. 1 recorded the negative-ion photoelectron spectra of SiN − using 355-and 266-nm photodetachment wavelengths. The measured spectra probed the transitions from the X 1 ⌺ + ground state of SiN − to the X 2 ⌺ + and A 2 ⌸ states of SiN. Notwithstanding the similarity with the isovalent cyanoradical ͑CN͒ and its anion ͑CN − ͒, it is perhaps rather surprising that this was the first time ever that spectroscopic constants of SiN − and the electron affinity ͑EA͒ of SiN were measured experimentally. Established experimental data for SiN and Si were used in order to determine corresponding values for SiN − . In particular, bond lengths of the X 2 ⌺ + and A 2 ⌸ states of SiN were taken from the highly accurate work of Hirota and co-workers, r e = 1.572 066± 0.000 041 ͑Ref. 2͒ and 1.641 879± 0.000 020 Å, 3 respectively. The bond dissociation energy of SiN with respect to the asymptotic Si͑ 3 P͒ +N͑ 4 S͒ fragments was taken from the work of Naulin et al., Although the spectroscopic parameters of SiN − appear to be in fairly good agreement with the theoretical values of Kalcher calculated at the multireference-averaged coupledpair functional ͑MRACPF͒ level in conjunction with Dunning's correlation-consistent polarized valence quadruple͑cc-pVQZ͒ basis set ͑r e = 1.6045 Å and e = 1120 cm −1 ͒, 6 the electron affinity was predicted to be smaller by about 0.1 eV͑EA= 2.862 eV͒. An older calculation of Peterson and Woods 7 using the Møller-Plesset perturbation theory including single, double, and quadruple terms in the expansion ͑MP4SDQ/ ϳ QZ+ P͒ predicted a smaller SiN − bond length ͑r e = 1.5940 Å͒ but much higher electron affinity ͑EA = 3.33 eV͒. Finally, McLean et al. have calculated r e = 1.573 and 1.586 Å at the singles and doubles configuration-interaction ͑CISD͒ and CISD+ Davidson correction ͑CISD+ Q͒ levels of theory using Slater-type orbitals. 8 Given the academic importance of SiN − as an isovalent to CN − species, the practical importance of its being a molecular subunit to the silicon nitride compound ͑Si 3 N 4 ͒ which has considerably interesting properties as an engineering material, 9 as well as the aforementioned experimental results and the availability of large basis sets including "tight" basis functions suitable to describe the 2s 2 2p 6 semicore/valence correlation of Si, 10 we performed highlevel basis-set-extrapolated theoretical calculations with the purpose of obtaining results on the spectroscopic constants and dissociation energies for the two lowest-lying states of SiN and SiN − .
II. TECHNICAL DETAILS
We have employed the ͑restricted͒ coupled cluster method including single and double excitations, along with a noniterative estimate of the connected triple excitations, based on a restricted Hartree-Fock reference wave function ͑RHF-RCCSD͑T͒͒. 11 The correlation-consistent basis sets of Dunning and co-workers were employed. 10, 12 Five families of these sets were used; first, the plain cc-pVnZ series was engaged, augmented with diffuse functions on both atoms, and denoted aug-cc-pVnZ, 12͑a͒-12͑c͒ n =3-6. The same series was also used but with the addition of a tight d function on Si, as suggested by Dunning et al. for smoother extrapolation, and denoted aug-cc-pV͑n +d͒Z, 12͑f͒ n =3-6. The third and fourth families employed the latter basis set including either a second shell of diffuse functions on N, 12͑g͒ and denoted d-aug-cc-pV͑n +d͒Z, n =3-6, or a "weighted core" ͑wC͒ set of tight functions for Si, 10 suitable for describing the correlation of the inner 2s 2 2p 6 shell of Si. This set will be referred to as aug-cc-pwCV͑n + d͒Z, but with n =3-5, since no wC basis set of sextuple-quality is available for Si. Finally, the fifth basis set family included the aug-cc-pVnZ series in which the nonaugmented part has been recontracted to account for one-electron relativistic Douglas-Kroll-Hess effects and designated as aug-cc-pVnZ-DKH, n =2-5.
12͑h͒
The largest basis set used in the present work, d-aug-ccpV͑6+d͒Z:
͑22s15p7d5f4g3h2i Si /18s12p7d6f5g4h2i N ͒ → ͓9s8p7d5f4g3h2i Si /9s8p7d6f5g4h2i N ͔ numbers 423, generally contracted spherical Gaussian functions.
The results obtained were extrapolated to the "complete basis set" ͑CBS͒ limit with the mixed exponential/Gaussian formula
where P is a generic property, P ϱ its CBS limit, n the cardinal basis-set number, while A and B are freely adjustable parameters. Since not all cardinal numbers n =2-6 are available for all the families of basis sets used, there is more than one way to compare extrapolated results. For example, with the core/valence sets, only a three-point TQ5 extrapolation is possible with the formula ͑1͒; however, with the aug-ccpVnZ series, one can perform TQ5, Q56, or even TQ56 extrapolations. In principle, significant differences between the extrapolated values among the different extrapolating schemes are not expected, and indeed, only slight differences are observed. However, in order to be consistent when we compare extrapolated values, we will compare at the same extrapolated level, preferably Q56 if available. Taking that into account, the procedure we will generally use in the present work to obtain "best estimates" is as follows: ͑a͒ first, we obtain the Q56-extrapolated RCCSD͑T͒/d-aug-ccpVnZ result and to this we add ͑b͒ the core/valence effect, ⌬ CV , of the 2s 2 2p 6 core of Si, defined as the difference in the CBS͑TQ5͒ values between the aug-cc-pV͑n +d͒Z and augcc-pwCV͑n +d͒Z sets, ͑c͒ the scalar relativistic effect, ⌬ DKH , defined similarly as the difference in extrapolated CBS͑TQ5͒ values between the aug-cc-pVnZ and aug-cc-pVnZ-DKH sets, and ͑d͒ an atomic Si͑ 3 P͒ spin-orbit correction for the binding energies only, ⌬ SO , taken from the experiment. 14, 15 Note that the procedure followed resembles the wellestablished way of Dixon, Feller, and Peterson of obtaining accurate thermochemical values for enthalpies of formation for small molecules. 16 All calculations were performed with the MOLPRO 2002.6 software package. 
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III. RESULTS AND DISCUSSION
IV. SUMMARY
Due to the first-ever availability of experimental results for SiN − , the main purpose of the present work was to examine their validity by performing as accurate calculations as possible. Indeed, theory agrees very well with experiment with regard to the energetics ͑binding energies and electron affinity͒, but our theoretical results indicate that the experimental bond length of SiN − ͑X 1 ⌺ + ͒ could have been overestimated by more than 0.01 Å. This is corroborated by the almost perfect agreement in the bond length between theory and experiment of the two lowest-lying states of the neutral SiN, X 2 ⌺ + and A 2 ⌸. As a final remark, we wish to point out two things regarding extrapolations: ͑a͒ the "+d" basis sets offered slight improvement in the extrapolated values, as would have been expected. Indeed, the extrapolation is smoother with the added d function and the extrapolated values give quite negligible error bars. We note, however, that the actual CBS limit values do not differ that much between the two families ͑with and without the added d function͒ of basis sets. ͑b͒ The TQ56 and Q56 extrapolation schemes have much more in common than the TQ5 extrapolation. The differences here are slight as well, the largest being 0.4 kcal/ mol in binding energies and ϳ0.001 Å in bond lengths. Of course, when Q56 extrapolation can be performed, it should be preferred over TQ5 and TQ56.
